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Perfluoroelastomers, curable by peroxidic 


perfluoroalkylvinylethers (PAVE) CF 2 =CFOR 2 f , 


route, obtainable by polymerizing the following mono- 


perfluoro-oxyalkylvinylethers CF 2 =CFOX a , 



mers: 



a) tetrafluoroethylene (TFE); 

b) fluorovinylethers of general formula: 

CFX=CXOCF 2 OR 



said perfluoroelastomers comprising iodine and/or bro- 
mine atoms in the chain and/or in end position, said hal- 
ogen atoms deriving from "cure site" comonomers and/ 
or from chain transfer agents used in polymerization. 



(I) 



c) bis-olefins having general formula: 



R^R's, C^R'a-Z-CR'^CR'gR'e (IA) 



d) optionally, one or more fluorinated olefinic 
comonomers selected from C 2 -C 8 perfluoroolefins, 
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Description 



ties Jo mission 2 ZTZt to t perfluoroelaslomera hav ^ a very good combination of mechanical proper- 
o^T .?„ u tem P erature Properties and to the process for preparation thereof. 
E2 J IT ~ * P erfluoroalk y |vi "y |e thers are generally used as monomers for the copolymerization with 
tetrafluoroethylene (TFE) to obtain perfluoroelastomers which are used in the space-, oil-, petrocheEan semi 
conductor industry The introduction of pertluorovinyfether high amounts in cross.inkable Ita^ZSZSiiX 
ticity properties at low temperature of fluorinated rubbers. "^tomers implies elas- 

[0003] The need was felt to have available perfluoroelastomers having improved properties at low temperatures in 
combination with good mechanical and compression set properties temperatures in 

[0004] To solve said technical problem fluorovinylethers with various structural properties have been orooosed in 
oZZT W6Ver fr ° m Pn '° r ^ ^ ° btained Perf,UOr0e ' ast0mers d ° "°« show <■» combTnatn onhe So^ 



SSm^ PrePar K t i0n ° f P erfluoroalk y |v ^^thers, of the respective homopofymers and 

copolymers with TFE. The homopolymers are obtained under extreme experimental conditions bv usinn nni»mori,oti™ 
pressures from 4,000 to 1 8,000 atm. The homopo.ymer of the ped.uoromethy^ 
ever its Tg ,s not sufficient^ low. The general formula of the described vinylethers is the following 



*> CF 2 =CFOFT F 

wherein R° F is a perfluoroalkyl radical preferably from 1 to 5 carbon atoms 
[0006] USP 3,460,684 relates to vinylethers of formula: 



CF 2 =CFO(CF 2 CFX°0) n ,CF 2 CF 2 X° 
wherein X° = F, CI, CF 3 , H; n' can range from 1 to 20. 

[0007] Homopolymers obtained by UV polymerization are also described. The exemplified cooolvmers am not rh ar 
acterrzed with their mechanical and elastomeric properties at low temperatures "P 0 *™** are not char- 

[0008] USP 3,81 7,960 relates to the preparation and polymerization of perfluorovinylethers of formula: 

CF 3 0(CF 2 0) n .CF 2 CF 2 OCF=CF 2 

[0009] USP4,487,903relatestothefluoroelastomericcopolymerpreparationwhereinpemuorovin y ,ethersofformu^ 

CF 2 =CF (OCF 2 CFY°) „°OX 2 
areused, wherein n° ranqes from 1 to4 Y°- F r\ rp w y2^ q «k„^ r~ ^, ,. , _ 
v nylethers g,ve copolymers having at low temperatures properties superior to those of the above perfluorovStheS 

sssssssr - ^ and mve A,so in mis case data -*« to ,he — ™°«*s°~ 

n!!nt°L = EP 1 l°' 052 d T r}beS the P o| y merization of the perfluorovinylpolyethers (PVPE) which leads to the obtain- 
ment of amorphous perfluoropolymers having a T g ranging from -15" to -100°C. The described polvmeS havl T 
values wh,ch reach -76°C; thefurtherT g decrease Is'obtained by using perfluoropolyethers as c SeEKS? 
copolymers and terpolymers of TFE and MVE with vinylethers (PVPE) of formula P ,astlc| zors. In the patent 

CF 2 =CFO (CF 2 CF(CF 3 )O) n -R 0 f , 

are described, wherein n'" ranges from 3 to 30 and R0„ is a perfluoroalkyl. Due to purification difficulties the us *rt 
vinylethers are mixtures of vinylethers with different values of n". According to this pater Uhe mZS^lIf , 
the T g decrease is shown when n'» is equal to or higher than 3, preferabty higSe than 4 
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[0011] USP 4,766,190 relates to the polymerization of perfluorovinylpolyethers (PVPE), similar to those described 
in USP 4,487,903, with TFE and low percentages of perfluoro propene, to increase the mechanical properties of the 
obtained polymers. No improvement of the mechanical and elastomeric properties at low temperatures is described. 
[0012] USP 5,268,405 discloses the preparation of perfluorinated rubbers having a low Tg, by using perfluoropoly- 
5 ethers having a high viscosity as plasticizers of perfluorinated rubbers (TFE/MVE copolymers). The obtained manu- 
factured articles have the drawback that during the use, exudations of the perfluoropolyethers (PFPE) take place, in 
particular when PFPE has low molecular weight (low viscosity): in the patent it is therefore disclosed the use of PFPE 
having high viscosity; those having low viscosity must be previously removed. 
[0013] USP 5,401,818 relates to the perfluorovinylether preparation of formula: 

w 

R 1 f (OCF 2 CF 2 CF 2 ) m ,-OCF=CF 2 

(wherein R 1 f is a 0 A -C 3 perfluoroalkyl radical; m' is an integer raanging from 1 to 4) and of the respective copolymers 
15 having improved properties at low temperature. The preparation of said perfluorovinylethers requires also a perfluor- 
ination with elementary F 2 which from the industrial point of view requires supplementary process unities. 
[0014] Furthermore it is well known that by increasing the perfluorooxyalkylene units which are part of the side per- 
fluorooxyalkylene substituent of perfluorooxyalkylvinylethers, theTg of the obtained amporphous copolymers decreas- 
es. However it is not possible to obtain polymers with the optimal combination of the above properties. 
20 [0015] The amorphous copolymers of TFE with perfluoromethylvinylether have T g of about 0°C or a little lower 
(Maskornik, M. et al. "ECD-006 Fluoroelastomer - A high performance engineering materiar. Soc. Plast Eng. Tech. 
Pao. (1974), 20, 675-7). The extrapolated value of the MVE homopolymerT g is of about -5°C (J. Macromol. Sci.-Phys., 
B1(4), 815-830, Dec. 19-67). 

[0016] In patent application EP 1 ,148,072 fluorovinylethers allowing to lower the Tg of the respective copolymers 
25 are described, but the mechanical and elastomeric properties of the obtained manufactured articles are not described. 
[0017] The perfluoroelastomers described in the prior art do not show the optimal combination of the above proper- 
ties, in particular it would be desirable to have available perfluoroelastomers which when cured show the following 
combination of properties: 

30 - good mechanical and elastomeric properties, 

high resistance to low temperatures such as for example shown by TR 10 (ASTM D 1 329 method), 

much lower Tg with respect to vinylethers having the same oxygen number and carbon atoms, 

maintenance of good mechanical and elastomeric properties even at high temperatures to have a high thermal 

range of the perfluoroelastomer use, 

35 - higher productivity of perfluoroelastomer in Kg of polymer/(hour x litre of water). 

[001 8] The Applicant has surprisingly and unexpectedly found that it is possible to solve the above technical problem 
as described hereinafter. 

[0019] An object of the present invention are perfluoroelastomers, curable by peroxidic route, obtainable by polym- 
40 erizing the following monomers: 

a) tetrafluoroethylene (TFE); 

b) fluorovinylethers of general formula: 

45 CFX=CXOCF 2 OR (I) 

wherein 

50 R has the following meanings: 

C 2 -C 6 linear or branched (per)fluoroalkyl, 
C 5 -C 6 cyclic (per) fluoroalkyl, 

C 2 -C 6 linear or branched (per)fluoro oxyalkyl, containing from one to three oxygen atoms, 

55 

- X = F, H; 
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c) bis-olefins having general formula: 

r, i rI 2 c = cr, 3-z-cr , 4 =cr , 5 r , 6 (|A) 

wherein 

R'a, R' 3 , R' 4 . R's, R'e equal to or different from each other, are H or C r C 5 alkyl' 

d) optronally, one or more fluorinated olefinic comonomers selected from the following: 

" nL? 8 perf ' U ° rool f fi " s ' such hexafluoropropene (HFP), and/or chlorotrifluoroethylene (CTFEV 
- perfluoroalkylvmylethers (PAVE) CF, CFOR 2 , wherein R2 * a r r „«rf,. ,, ! '' 

thyl, heptafluoropropyl; " R ' " 8 Cy ° 6 P erflu oroalkyJ, for example trifluorome- 

perfluoro-oxyalkylvinylethers CF~=CFOX a wherpin ya i = a r r ^ ~ 

™?™.'!' U ™° S '? , T™ """""""S tel °sen Mom solved lrom Mne BMcr „,„,,„, h h 

SKsssssr , " om,ne a,oms ' m ~ — seses: 

[0020] The preferred fluorovinylethers component b) are those of general formula: 



25 CFX=CXOCF 2 OCF 2 CF 2 Y 



(II) 



wherein Y = F, OCF 3 ; X as above. 

[0021] The perfluorovinylethers of formula: 



30 



CF 2 =CFOCF 2 OCF 9 CF, 



(MOVE 1) 



35 



CF 2 =CFOCF 2 OCF 2 CF 2 OCF 3 (MOVE 2) 

are the most preferred. 

[0022] Preferably in the bis-olefin component c) of formula (IA) R' RL RL ri ri ri 
C 4 -C 12 perfluoroalkylene radical or a (per)fluoropolyoxyalkylene radical of formula:' * ' 



' 6 are hydrogen and Z is a 



40 



-(Q) p -CF 2 0-(CF 2 CF 2 0) ma (CF 2 0) na -CF 2 -(Q) 

wherein: 



P" (HA) 



45 



50 



55 



Q is a C r C 10 alkylene or oxyalkylene radical, preferably selected from -CH-OCH,- -CHoOfCH CH 0> rn c 
being = an integer from 1 to 3; *2^n 2 . ^n 2 u^M 2 OM 2 0) s CH 2 - ( s 

p is an integer and is zero or 1 ; 

ma and na are numbers such that the ma/na ratio icfmm no t^c + u . 

CH 2 =CH-(CF 2 ) t0 -CH=CH 2 
wherein to is an integer from 6 to 1 0 carbon atoms. 
[0023] The iodine and/or bromine atoms in the chain and/or in end position of the po.ymer can be introduced by 
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brominated and/or iodinated "cure site" comonomers, such for example the following: 

C 2 -C 10 bromo and/or iodo olefins, containing at least one atom, preferably from one to three bromine and/or iodine 
atoms, 

5 - C r C 10 linear or branched (per)fluoroalkylvinylethers and/or (per)fluorooxyalkylvinylethers containing at least one 
iodine and/or bromine atom. 

[0024] The iodine and/or bromine atom in the polymer end position can be introduced also using iodinated and/or 
brominated chain transfer agents, such as for example the following: 

w 

compounds of formula R b f (l) x (Br) y , wherein R b f is a (per)-fluoroalkyl or a (per)fluorochloroalkyl having from 1 to 8 
carbon atoms, while x and y are integers comprised between 0 and 2, with 1£ x+y s 2; 
iodides and/or bromides of alkaline or alkaline-earth metals. 

*5 [0025] Preferably the perfluoroelastomer contains iodine atoms in the chain and/or in end position. 

[0026] The preferred optional component d) is perfluoromethylvinylether (MVE) having formula CF 2 =CF-0-CF 3 . 

[0027] As said, the perfluoro polymers of the invention show the combination of the above properties. 

[0028] In particular the decrease of Tg obtained by using the vinylethers component b) is due to the presence of the 

(-OC-F 2 0-) unit directly linked to the unsaturation. Besides it has been found that said unit increases the reactivity of 
20 the vinylether component b). 

[0029] The advantages of the perfluoroelastomers of the invention can be summarized as follows: 

improved mechanical and elastomeric properties; 

very good reactivity of the fluoroviny I ethers component b), in Kg of polymer/(hour litre of water); 
25 - low Tg; 

- lowTFMO. 

[0030] The amount of fluoroviny lethers component b) to obtain the perfluoroelastomers of the invention must be such 
to lead to the crystalline site disappearance so to obtain an amorphous copolymer. 

30 [0031] Generally the amount of units deriving from the fluorovinylether component b) which allows to obtain amor- 
phous polymers is preferably higher than 15% by moles, more preferably higher than 20% by moles. There are no 
limits to the maximum amount of b) : molar amounts up to 80-90% can generally be used. If in the polymer, besides 
units deriving from the fluorovinylether component b), units deriving from the optional monomers component d) are 
present, the total molar amount of b) + d) must be higher than 15%, preferably higher than 20% by moles. The total 

35 amount of b) + d) can reach percentages of 80-90% by moles. 

[0032] The amount of units in the chain deriving from the bis-olefin component c) is generally from 0.01 to 2.0% by 
moles, preferably from 0.05 to 0.8% by moles. 

[0033] The amount of units deriving from brominated and/or iodinated "cure-site" comonomers in the final compound 
is from 0 to 5% by moles. 

40 [0034] The iodine and/or bromine amount from transfer agent present in the chain end groups is from 0% to 2% by 
weight, preferably from 0.05% to 0.8% by weight. 

[0035] The total amount of iodine and/or bromine present in the perfluorinated polymer is in the range 0.05%-4% by 
weight. 

[0036] The perfluoroelastomers of the invention are TFE-based copolymers, wherein TFE is copolymerized with the 
45 fluorovinylethers component b) and with the bisolefin component c); wherein also one or more comonomers selected 
from component d) can optionally be present. 

[0037] The preferred monomeric compositions (% by moles) are the following: 

■ TFE 40-85 
50 - component b) 1 -50, pref . 5-40 
component c) 0.01-2 
iodine amount (in % by weight) 0.05-0.6 
component d) 0-50 

55 the sum of the molar percentages of component b) + component d) being such to give an amorphous polymer, said 
sum being higher than 15%, preferably higher than 20%, and the sum of the molar percentages of the monomers being 
equal to 100%. 

[0038] The bis-olefins component c) of formula (I A) wherein Z is an alkylene or cycloalkylene radical can be prepared 



5 



EP 1 308 467 A2 

as for example described by I.L Knunyants et al. in Izv. Akad. Nauk. SSR, Ser. Khim. 1964(2), 384-6 while the bis- 
3 810^874 9 (per)f,UOr0p0, y° x y alk y |ene se < uence * ™ ^tainable by following the reactions reported I USP 

fS^i o I hS _ brominated and/or iodinate d "cure-site" comonomers are for example described in USP 4 035 565 and 
USP 4,694,045, USP 4,745,165, USP 4,564,662 and EP 199,138. 4.UJ5,565 and 

SSS 622 F ° r i0dinat6d and/ ° r br ° minated Ch3in tranS,er a 9 en,s see for exar "P'e USP 4,243,770 and USP 

sTsU*" ° hain tranSf6r a96ntS f ° rmed bV '° dideS and/ ° r br ° mideS ° f alkaline 0r ^kaline-earth metals see USP 
[0042] The preparation of perfluoroelastomers of the present invention is carried out by copolymerization of the 
monomers ,n aqueous emulsion in the presence of an emulsion, dispersion or microemulsion of perfluo opZxva k 
ylenes, according to USP 4,789,717 and USP 4,864,006. Preferably the synthesis is carried out! , th present o, 
perfluoropolyoxyalkylene microemulsion. presence oi 

sulpha es, perphosphates, perborates orpercarbonates, optionally in combination with ferrous, cupreous orsilversalts 
or of other easily oxidizable metals, are used. In the reaction medium also surfactants of various type are opt ona fv 
present, among which the fluorinated surfactants of formula: YP °P tl0nal| y 



R 3 ,-X" M + 



TsTTl Wh6 Ti + n 3 C5 "° 16 (Pe ° f ' UOr0alkyl Chain ° r 3 <PeOfluoro P o*oxvalkyl chain, X" is -COC- 

I'S ' rfi f ° m: H ' NH4 1 an a,ka " ne me,al ion - Amon 9 the ™ st c ^^only used we remember- am- 
monium perfluorooctanoate, (per)fluoropotvoxvalkvlenes ended with n „ s ™ ™r= u . '«'"eriiDer. am 
4,990,283 and USP 4,864,006 °P 0| yoxyaiKyienes ended with one or more carboxyl groups, etc. See USP 

[0044] The pofymerization reaction is generally earned out at temperatures in the range 25°C-1 50°C at a pressure 
comprised between the atmospheric one up to 1 0 MPa. pressure 
[0045] Alternatively or in combination with the chain transfer agents containing iodine and/or bromine other chain 
transfer agents known in the prior art, as ethyl acetate; diethylmalonate, etc., can be used 

Z L th Wh6n th ? polymerization is over ' the Perfluoroelastomer is isolated from the emulsion by conventional meth- 
ods, as the coagulation by addition of electrolytes or by cooling ™»""°nai mein 

[0047] The perfluoroelastomers object of the present invention are cured by peroxidic route, according to known 
techniques, by addrt.on of a suitable peroxide capable to generate radicals by heating 

[0048] Among the most commonly used peroxides the following are mentioned: dialkylperoxides such for examoio 
dr-terbutylperoxide and 2.5-dimethyl-2,5-di(terbutylperoxy)hexane; dicumyl peroxide SSJ^S^ Sffi 
perbenzoate; d,-[1 ,3-dimethyl-3-(temutyl P eroxy)butyl]carbonate. Other peroxidic systems are descrtoedtor e« 
in European patent applications EP 136,596 and EP 410,351. oescriDea ror example 

[0049] To the curing blend other compounds are then added, such as: 

(A) curing coagents, in an amount generally in the range 0.5 -1 0%, preferably 1 -7%, by weight with respect to the 

SET tiZl " T B t C0mmOn,y 8re: biS -°' efinS ° f f0rmUla ^ Mally.-cya y nura?e, ££££££ 
(TAIC), tr,s(d,allylam,ne)-s-tr.az,ne; tnallylphosphite; N,N-diallyl-acrylamide; N,N,N',N'-tetraallyl-malonamide- tr^ 
vmyl-,socyanurate; and4,6-tri-vinyl-methyltrisiloxane, etc, TAIC and the bis-olefin of formula: ma ' 0namlCle • 

CH 2 =CH- (CF 2 ) 6 -CH=CH 2 

are particularly preferred; 

(B) optionally a metal compound, in an amount in the range 0-15%, preferably 2-1 0%, by weight with respect to 
the polymer, selected from oxides and hydroxides of dh,a,ent metals, such for example Mg, Zn , Ca or Pb 3SE 

Ba Pb cT aC ' d ^ SUCh SXamPle StearateS ' ben2 ° ateS ' Carb ° nateS ' ° Xa,ateS « 

(C) optionally acid acceptors, in an amount from 0 to 1 0% by weight with respect to the polymer, of the non metal 
oxide type, such 1 ,8 bis dimethyl amino naphthalene, octadecylamine etc. as described in EP 708 797 

i?iSril C0, r t nti0n K 'T 68 ' SUCh thiCkenerS ' Pigments ' anti0) < ida "ts, stabilizers and the like, the amount 
of each of said addrtives being between 0 and 10% by weight with respect to the polymer- 

<E) optionally fillers in amounts from 0 to 80% by weight with respect to the polymer, preferably from 15 to 50% 
by weight, such for example carbon black, silica, barium sulphate, titanium dioxide, etc Fillers of semifine 
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fluoropolymers, such PTFE, MFA and PFA, can also be present. 

[0050] The copolymers of the invention when cured by peroxidic route show a very good combination of properties, 
in particular they satisfy the following test: a copolymer having the following composition in per cent by moles: 

- tetrafluoroethylene (TFE) 69.9% 
fluorovinylethers component b) MOVE 1 30 % 
bis-olefin component c) of formula 
CH 2 =CH-(CF 2 ) 6 -CH==CH 2 0.1% 

having as attack site for the peroxidic crosslinking an iodine amount, in per cent by weight, equal to 0.24%, the iodine 
being present on the chain end groups through the iodinated transfer agent 1 ,4-diiodoperfluorobutane (C 4 F a l 2 ), in a 
compound containing for 100 phr of perfluoroelastomer: 

15 - Luperco® 101 XL* 1.5 

- DRIMIX®TAIC** 2 

- ZnO 5 

- Black MT®N990 20 

20 cured in press for 1 0 minutes at 1 60°C, subjected to post-cure in an air forced circulation stove at 230°C for 4 hours, 
after a warming step from room temperature to 230°C lasting one hour, shows the following combination of properties: 

- stress at break (ASTMD 412-83) > 13 MPa 

- elongation at break (ASTM D 41 2-83) > 1 30% 
25 - hardness (shore A) > 65 

compression set (ASTM D 395) on O-ring 
at 200°C for 70 h < 40% 

- TR 1 0 (ASTM D 1 329) < -20°C 

30 [0051] The synthesis process of the (per)fluorovinylethers component b) comprises the following steps: 

a 1 ) initial reaction of the hypofluorite with a fluorinated olefin of formula R 1 R 2 C=CR 3 R 4 to give the hypofluorite CF 2 
(OF) 2 + R 1 R 2 C=CR 3 R 4 -> F-CR 1 R 2 -CR 3 R 4 -OCF 2 OF (VI) 

b') reaction of the hypofluorite with a second fluorinated olefin of formula R5R 6 C=CR 7 R 8 to give the intermediate 
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F-CR 1 R 2 -CR 3 R 4 -OCF 2 0-CR 5 R 6 -CR 7 R Q -F, 

F-CR 1 R 2 -CR 3 R 4 -OCF 2 OF+ R 5 R 6 C 2 =C 1 R 7 R q -> 

F-CR 1 R 2 -CR 3 R 4 -OCF 2 0-C 2 R 5 R 6 -C 1 R 7 R 8 -F (VII) 

c') dehalogenation or dehydrohalogenation and obtainment of the perfluorovinylethers. 



dehalogen. / 

F - CR 1 R 2 - CR 3 R 4 - OCF 2 0 - C 2 R 5 R 6 - C l R 7 R 8 -F > 

/ dehydrohalogen . 

CFX=CXOCF 2 OR (I) 

In said synthesis scheme: 

with reference to the formula of compound (VII) : 

R lf R 4 , equal or different, are H, F; R 2 , R 3 , equal or different are H, CI at the following conditions: (1) when 

* containing 45% by weight of 2,5-dimethyf-2,5-di(terbutylperoxy)hexane 
** containing 75% by weight of TAIC 
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the final reaction is a dehalogenation R 2 , R 3 = CI, (2) when the final reaction is a dehydrohalogenation one of 
the two substituents R 2 , R 3 is H and the other is CI; «9«"anon one or 

R5. R 6> R 7. Rs are: 

" Vl™ iS 8 CrC4 " near ° r branCh6d P erflu ° roalk y' 9™P. or a C r C 4 linear or branched per- 

fluorooxyalkyl grouyp containing from one to three oxygen atoms, or R 5 and R 7 , or R s and R H are linked 
each other to form with & and a C 5 -C 6 perfluoroalkyl cycle- 

' UuZ^^ T iCa ' S T 5 10 Rfl fe 8 C2 "° 4 Nnear ° r bra " c ^d fluoroalkyl, or a C 2 -C 4 linear or branched 
fluorooxyalkyl containing from one to three oxygen atoms, one or two of the other R. to R 8 are F and one 
or two of the remainders equal to or different from each other, are selected from H, CI; when the substit- 
uents selected from H and CI are two, they are both linked to the same carbon atom; when R 5 and R 7 , or 

sub S In 8 ;, 3 * 6 n b 0 othe c 10 form with c2 and c1 a c r c * fluoroalk y | one of *•» *»» 

substituents R 6 , R 8 or R 5 , R 7 is F and the other is selected from H, CI. 

- the fluoroalkene used in the reaction a') is replaceable with that of the subsequent reaction b'V in this case the 
meanings defined forthe substituents of the R r R 4 group, and res P ecth,ely of th > H 5 -R a group, Je ^Ze^e 

0 -OCF 2 0- on the cham of the mtermediate compound (VII), is the same which is occupied when fhe synthesis 
takes place according to the above scheme, and the two olefins react each in the planned steps. 

[0052] In the first reaction a') of the above scheme a hypofluorite gas flow CF 2 (OF) 2 , suitably diluted with an inert 
fluid, comes into contact, in a suitable reactor equipped with outlet, on the bottom of the same (first « h a 
low formed by the olefin R 1 R 2 C=CR 3 R 4 , optionally diluted in an inert fluid, to allow the chemical reacfio^ a'Twith 
formation of the intermediate hypofluorite (VI). To favour the reaction stoichiometry the r^^iSZi22 
into the reactor ,n an about unitary mo.ar ratio, or with an excess of CF 2 (OF) 2 . The residence time o the m Sure in 
the reactor can range from few hundredths of second up to about 120 seconds in in function of the o.efin reaS the 
reaction temperature and the presence of optional reaction solvents. reacnvity, tne 

rea ° ti0n tem P erature can ran 9 e from -40° to -150°C, preferably from -80° to -130°C 

n !ll h COmpOU t nd (VI) fe " sual| y not se P arated from ^lion crude compound and is continuously transferred 
in the subsequent reaction described in step b"). """uaiy UtJ ni>ierrea 

to^sec T ond3r d ^ "* ^ ™ * r °° m tempera,ure before ^ fed 

[0056] In the second reaction b') the second olefin R 5 R 6 C=CR 7 R 8 at the pure state or in solution reacts with the 
compound obtained in the first reaction with formation of compound (VII) 

[0057] The olefin can be continuously fed so as to maintain constant its concentration in the reactor The temperature 

; h a ToZZc iizTs ,ro h : r to ~ 130 ° C ' pre,erabv ,rom - 5 °° ,o - ioo ' c - The ° iefin 

be used concentration is higher than 3M, more preferably also the pure compound can 

Ec T US ! d *! St6PS a>) and b,) are P erfluorina t a °- °r chlorohydrofluorinated solvents or hydrofluoro- 

fooSr ,n th P ? ^ SOlVentS ar6: CF2C ' 2 ' CFC ' 3 ' CF 3 CF ^ H - CF -3 Cp H 2 , CF 3 CF 2 CF 3 , CF 3 CCI 2 H, CF 3 CF CI 
[0059] In the reaction c") compound (VII), depending on the olefins used in steps a') and b-),upon d stillation from 
^ reaction crude compound, is subjected to dech.orination or to dehydrochlonnation ,0 obtain the viny.efiSs 0 5 



[0060] Th* last step can be carried out by using reactions widely described in the prior art. The suitable selection 
mvention " 1 * * ** "° ^ U " d h the Syn,heSiS a " 0WS t0 the ™v.etZ of the « 

Sf. f °" 0Win9 EXamP,6S arS reP0,ted W " h PUrP0S6 10 illUStrate the inVen,ion and the V d ° "ot limit the scope 



EXAMPLE 1 



Copolymer TFE/MOVE 1 (CF2=CF-0-CF 2 -0-CF 2 CF 3 ) 70/30% by moles 

[0062] In a 5 litre autoclave, equipped with stirrer working at 630 rpm, were introduced, after air evacuation 3 5 litres 
of demineralized water and 34.5 ml of a microemulsion obtained by mixing: acuauon, j.j> litres 

- 7.5 ml of a perfluoropolyoxyalkylene having acid end group of formula: 
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CF 2 CIO(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 2 COOH 

wherein n/m = 1 0, having average molecular weight of 600; 
5 - 7.5 ml of an aqueous solution of NH 3 at 30% by volume; 
15 ml of demineralized water; 

4.5 ml of Galden® D02 of formula: 

10 CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 3 

wherein n/m = 20, having average molecular weight of 450. 
[0063] The autoclave was then heated to the temperature of 80°C and maintained at said temperature for the whole 
reaction. Then 1 46 g of CF 2 =CF-0-CF 2 -0-CF 2 CF 3 (MOVE 1 ), 6.2 g of 1 ,4-dilodoperfluorobutane (C 4 F 8 I 2 ) were added. 
15 [0064] The autoclave inside is then pressurized at 5 bar (0.5 MPa) with tetrafluoroethylene (TFE). 
[0065] When said internal pressure value is reached, are introduced: 

0.35 g of ammoniumpersulphate (APS) as initiator; 
2.2 g (6.2 mmoles) of bis-olefin having formula 

20 

CH 2 =CH-(CF 2 ) 6 -CH=CH 2 ; 

the bis-olefin addition is carried out for a total of 20 portions, each of 0.11 g, starting from the beginning of the 
25 polymerization and for every 5% increase in the monomer conversion; 

462 g of CF 2 =CF-0-CF 2 -0-CF 2 CF 3 (MOVE 1) ; the compound addition is carried out for a total of 19 portions, 
each of 24.3 g, starting when the monomer conversion equal to 5% takes place and continuing at every 5% increase 
in the monomer conversion. 

30 [0066] The pressure is maintained constant for the whole polymerization by feeding pure TFE. 

[0067] After 220 minutes of reaction, corresponding to 100% of the monomer conversion, the autoclave is cooled 
and the latex discharged. 

[0068] The so obtained latex is coagulated with an aluminum sulphate solution (6 g of AI 2 (S0 4 ) 3 for each litre of 
latex) and dried at 90°C in an air circulating oven for 16 hours. 910 g of polymer are obtained. 
35 [0069] By 19 F-NMR analysis of the polymer hot dissolved in C 6 F 6 , the molar percentage of MOVE 1 in the polymer, 
equal to 30%, is determined. 
[0070] The T g determined by DSC is -25°C. 

[0071] The intrinsic viscosity of the polymer in Galden® D80 is 36.7 ml/g. The percentage by weight of iodine in the 
polymer, measured by XRF, is 0.24% by weight. The Mooney viscosity (ML(1+1 0'@121°C)) determined according to 
40 the ATSM D i 646 method is 27 MU . 

[0072] The obtained polymer is mixed in an open roll mixer with the crosslinking additives in phr ratios as shown in " 
Table 1 . ,The crosslinking curve, the mechanical properties, the compression set and TR 1 0 are reported in Table 1 . 

EXAMPLE 2 

45 

Copolymer TFE/MOVE 1 59/41% by moles 

[0073] In a 5 litre autoclave, equipped with stirrer working at 630 rpm, 3.5 litres of demineralized water and 35 ml of 
the microemulsion of Example 1 , were introduced after evacuation. 
so [0074] The reaction mixture was heated to the temperature of 80°C, which was maintained for the whole reaction. 
Then 222 g of CF2=CF-0-CF 2 -0-CF 2 CF 3 (MOVE 1), 5.5 g of 1 ,4-diiodoperf luorobutane (C 4 F 8 I 2 ) were added. 
[0075] The autoclave inside is then pressurized at 4 bar (0.4 MPa) with tetrafluoroethylene (TFE). 
[0076] It is then introduced in the autoclave: 

55 - 0.53 g of ammoniumpersulphate (APS) as initiator; 

2.6 g (7.3 mmoles) of bis-olefin having formula 
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CH 2 =CH-(CF 2 ) 6 -CH=CH 2 ; 



' Si L C «r n CF ' 0 ? F »'°' CF * CF ' < M0VE ')• •» °™P»™ aaaitton'fe earned out lor a lotal of 19 portions aaah 
S^rXSr — «""» » « <*» P*» « oo„,i„ai„ g „ " 

IS U" P ™ " re '* m » i "'« i " ,d =»"« "r Hie arhala polymarizalta, by loading p„„ TFE 

K. ia^a^T , " 0 ""'' C ° TOSPOnd '" 8 K " — ™a aotaai.va * oooiao, 

equal to 41 %, is determined. 6 6 ' ™' ar P ercen,a 3 e ° f MOVE 1 in the polymer, 

[0081] The T g determined by DSC is -31 °C. 

[0082] The intrinsic viscosity of the polymer in Galden® Dfln i<: r mi/ n -n,« 

polymer, measured by XRF, is 0 16% by weigM 9 ' percenta 9 e wei 9 ht * iodine in the 

EXAMPLE 3 

Terpolymer TFE/MOVE 1 78/22% by moles 

- 4.3 ml of an aqueous solution of NH 3 at 30% by volume; 
8.8 ml of demineralized water; 

- 2.6 ml of Galden® D02 (formula and molecular weight in Example 1 ). 

[0085] The autoclave inside was heated to the temDeraturf>nfnn»r an,,™,^. • j 
reaction. Then 33 g of CF^CF-O-CF -O 0^0^™^ 

added in the autoclave. 2 2 3 ( ° VE 1) a " d 11 9 ° f M-diiodoperfluorobutane (C 4 F 8 I 2 ) were 

d lT,T C TV nSi t iS ! he " pressuri2ed at 6 ba ' (P.6 MPa) with tetrafluoroethylene (TFE) 
[0087] It is then introduced in the autoclave: 1 

- 0.065 g of ammoniumpersulphate (APS) as initiator; 
• 0.4 g (1 .1 mmoles) of bis-olefin having formula 



CH 2 =CH-(CF 2 ) 6 -CH=CH 2 ; 



the compound addition is carried out for a total of 1 9 portions earh nf^n et^i 
equal to 5% takes place and continuing at every S^ase^ 

S la^hatr ° f r6aCU0n ' C ° rreSPOndin9 t0 1 °° % ° f ^ m ~ ""-«■ *° «*«*» is cooled 
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[0090] The latex is coagulated and treated as described in Example 1 obtaining 200 g of polymer. 
[0091] By 19 F-NMR analysis of the polymer hot dissolved in C 6 F 6 , the molar percentage of MOVE 1 in the polymer, 
equal to 22%, is determined. 
[0092] The T g determined by DSC is -23°C. 
5 [0093] The intrinsic viscosity of the polymer in Fluorinert® FC-75 is 28.4 ml/g. The percentage by weight of iodine 
and bromine in the polymer, measured by XRF, are respectively 0.16% and 0.47% by weight. The Mooney viscosity 
(ML(1 +10'Q1 21 *C)) determined according to the ATSM D 1646 method is 48 MU. 

[0094] The obtained polymer is mixed in a roll open mixer with the crosslinking additives in phr ratios as shown in 
Table 1 . The crosslinking curve, the mechanical properties, the compression set and TR 10 are reported in Table 1 . 

10 

EXAMPLE 4 (comparative) 

Copolymer TFE/MOVE 1 76/24 

15 [0095] In a 40 ml AISI-316 reactor for polymerization, equipped with magnetic stirring, pressure transducer and inlet 
for the feeding and discharge of the reactants, 250 uJ of perfluoropropionylperoxide at 3% by weight of CFCI 2 CF 2 CI, 
9.8 mmoles of MOVE 1 and 18 mmoles of tetrafluoroethylene are introduced. 

[0096] The reactor is cooled to the temperature of -1 96°C, evacuated, then brought again to room temperature and 
cooled again, the whole twice. 

20 [0097] At the end of the degassing operations, the reactor is thermostated at the temperature of 30°C and the reaction 
mixture maintained under magnetic stirring. The internal pressure decreases from 6.4 atm to 4.7 atm in about 8 hours 
(reaction time). 

[0098] After distillation of the unreacted monomers and polymer stripping under vacuum for 3 hours at 150°C, 1,100 
mg of polymer are recovered, which appears as a transparent and colourless rubber. 
25 [0099] By 19 F-NMR analysis of the polymer hot dissolved in C 6 F 6 it is determined that the molar percentage of MOVE 
1 in the polymer is 24%. 

[0100] The T g , determined by DSC, is -21 °C. The intrinsic viscosity of the polymer measured at30°C in Fluorinert® 
FC-75, is of 35.5 ml/g. 

30 EXAMPLE 5 (comparative) 

Copolymer TFE/p-PDE (CF 3 OCF 2 CF 2 OCF=CF 2 ) 77/23 

[0101] In a reactor for polymerizations equal to that described in Example 4, 250 u.l of perfluoropropionylperoxide at 
35 3% by weight In CFCI 2 -CF 2 CI, 1 0 mmoles of (5-PDE and 1 8 mmoles of tetrafluoroethylene are in sequence introduced. 
[0102] The procedure described in the previous Example 4 is followed till the thermostating step at the temperature 
of 30°C under magnetic stirring. 

[0103] By 19 F-NMR analysis carried out on the polymer, it is determined that the molar percentage of p-PDE in the 
polymer is 23%. The T g determined by DSC is -5°C. 
40 [0104] Said Tg value is evidently higher than that obtained in the TFE/MOVE 1 copolymer of Example 4 which con- 
tains a substantially identical molar percentage of vinylether. 



Table 1 



EXAMPLES 


1 


2 


3 


Formulation: 








Luperco 101 XL 




phr 


1.5 


2 


2 


Drimix TAIC 






2 


4 


3 


ZnO 




» 


5 


5 


5 


Black MT N990 






20 


30 


20 


Iodine 
Bromine 




% by weight 


0.24 


0.16 


0.16 




% by weight 


0 


0 


0.47 


Mooney polymer 




ML 121°(1 +10) 


27 




48 


Mooney blend 




ML 121°(1 +10) 


24 


59 


22 
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Table 1 (continued) 



EXAMPLES 


i 
t 


o 


o 
o 


MDR arc 0.5°, 160°C, 12' 








(ASTM D 6204-97): 








ML 


Lbf.in. 


0.22 


0.45 


0.15 


MH 




H O A 


1 0.3 


14.2 


t'2 


min 


\J.iJ\J 




ft AQ 


ts2 


it 




n R4 


ft CZ.A 


t'50 


■I 


n rr 


n Q7 

u.y / 


^ Rft 

1 .OU 


t'90 


ii 


1.81 


2.35 


11.4 


Vmax 


Lbf.in ./min 


2o;o 


11.8 


12.2 


Mechanical properties after post-cure at 230°C 








for 1+4 h (ASTM D 412-83) 








M100 


Mpa 


5.3 


5.2 


8.9 


Stress at break 


ii 


13.5 


8.0 


13.4 


Elong. at break 


% 


181 


173 


144 


Hardness Shore A 




69 


72 


73 


Compression set 


% 


32 


48 


50 


200°C for 70 h 










O-ring (ASTM D 395) 










TR 10 (ASTM D 1329) 


°C 


-21 


-26 


-17 



Claims 



1 . Perfluoroelastomers, curable by peroxidic route, obtainable by polymerizing the following monomers: 

a) tetrafluoroethylene (TFE); 

b) fluorovinylethers of general formula: 

CFX=CXOCF 2 OR (I) 

wherein 

R has the following meanings: 

C 2 -C 6 linear or branched (per) fluoroalkyl, 

- C 5 -C 6 cyclic (per) fluoroalkyl, 

- C 2 -C 6 linear or branched (per)fluoro oxyalkyl, containing from one to three oxygen atoms, 
- X = F,H; 

c) bis-olefins having general formula: 



R^R^C^CR^-Z-CR'^CR^R^ (IA) 

wherein 

R, 1> R' 2 , R' 3 , R' 4 , R' 5f R' 6 equal to or different from each other, are H or C r C 5 alkyl; 

2 is a C r C 18 linear or branched alkylene or C 4 -C 18 cycloalkylene radical, optionally containing oxygen atoms 

preferably at least partially f luorinated, or a (per)fluoropolyoxyalkylene radical; 

d) optionally, one or more fluorinated olefinic comonomers selected from the following: 
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C 3 -C 8 perfluoroolefins, such hexafluoropropene (HFP), and/or chlorotrifluoroethylene (CTFE); 
perfluoroalkylvinylethers (PAVE) CF 2 =CFOR 2 f , wherein R 2 f is a C r C 6 perfluoroalkyl, for example trifluor- 
omethyl, heptafluoropropyl; 

perfluoro-oxyalkylvinylethers CF 2 =CFOX a , wherein X a is a C r C 12 alkyl, or a O y C^ 2 oxyalkyl, or a C-j-C^ 
(per) fluoro-oxyalkyl having one or more ether groups, for example perfluoro-2-propoxy-propyl; 

said perfluoroelastomers comprising iodine and/or bromine atoms in the chain and/or in end position, said iodine 
and/or bromine atoms deriving from "cure site" comonomers and/or from chain transfer agents used in polymeri- 
zation. 

Perfluoroelastomers according to claim 1, wherein the fluorovinylethers component b) have general formula: 

CFX=CXOCF 2 OCF 2 CF 2 Y (II) 

wherein Y = F, OCF 3 ; X as above. 

Perfluoroelastomers according to claim 2, wherein the perfluorovinylethers have the following formulas: 

CF 2 =CFOCF 2 OCF 2 CF 3 (MOVE 1) 



CF 2 =CFOCF 2 OCF 2 CF 3 OCF 3 (MOVE 2) 

Perfluoroelastomers according to claims 1-3, wherein in formula (IA) of the bis-olefin component c) R^, R' 2 , R' 3 , 
R'4. Rl 5> R, 6 are hydrogen and Z is a C 4 -C 12 perfluoroalkylene radical or a (per)fluoropolyoxyalkylene radical of 
formula: 

-(Q) p -CF 2 0-(CF 2 CF 2 0) ma (CF 2 0) na -CF 2 -(Q) p - (IIA) 

wherein: 

Q is a C r C 10 alkylene or oxyalkylene radical, preferably selected from -CH 2 0CH 2 -; -CH 2 0 (CH 2 CH 2 0) s CH 2 -, s 
being = an integer from 1 to 3; 
p is an integer and is zero or 1 ; 

ma and na are numbers such that the ma/na ratio is from 0.2 to 5, the molecular weight of the (per)fluoropolyoxy- 
alkylene radical of formula (IIA) being from 500 to 1 0,000, preferably from 1 ,000 to 4,000. 

Perfluoroelastomers according to claim 4, wherein the bis-olefin has formula: 

CH 2 =CH-(CF 2 ) W -CH=CH 2 

wherein tO is an integer from 6 to 10. 

Perfluoroelastomers according to claims 1-5, wherein the brominated and/or iodinated "cure site" comonomers 
are selected from the following: 

C 2 -C 10 bromo and/or iodo olefins, containing at least one atom, preferably from one to three bromine and/or 
iodine atoms, 

C r C 10 linear or branched (per) fluoroalkylvinylethers and/or (per)fluorooxyalkylvinylethers containing at least 
one iodine and/or bromine atom. 

Perfluoroelastomers according to claims 1 -5, wherein iodine and/or brominated chain transfer agents are selected 
from the following: 
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- compounds of formula R» f (l) x (Br) y , wherein R», is a (per)fluoroalkyl or a (per)fluorochloroalkyl having from 1 

to 8 carbon atoms, while x and y are integers comprised between 0 and 2, with 1< x+y < 2 
■ iodides and/or bromides of alkaline or alkaline-earth metals. 

8. Perfluoroelastomers according to claims 6-7, containing iodine atoms in the chain and/or in end position. 

9 " (XT^Sro e - r CF a 3 CCOrdin9 10 C ' aimS 1 ' 8 ' Wher6in 0Pti0na ' C ° mPOnem ^ 15 P erfluorometh y |vin y |el her 

10 ' 2ZZZ?T7V CC0 ^l t0 C ' aimS 1 " 9 ' Wh6rein ,he am0unt of units derivin 9 f rom the ^orovinylether com- 
ponent b) is higher than 1 5% by moles, preferably higher than 20% by moles. 



11 ' 2~tT m ^ aCC ° rdln9 10 C ', aimS Wherein the ,0tal amount of units derivin 9 from the Auorovinylether 
component b) and from the optional monomers component d) is higher than 15%, preferably higher than 20% by 

12. Perfluoroelastomers according to claims 1 -11 , wherein the amount of units in the chain deriving from the bis-olefin 
component c) is from 0.01 to 2.0% by moles, preferably from 0.05 to 0.8% by moles. 

13. Perfluoroelastomers according to claims 1-12, wherein the amount of units deriving from brominated and/or iodi- 

Tlr „ t S h COm °"° merS iS . ,r ° m 0 10 5% ^ ™ les ' the Iodine and/or bromine amount from transfer agent 
present in the chain end groups is from 0% to 2% by weight, preferably from 0.05% to 0.8% by weight. 

14. Perfluoroelastomers according to claim 13, wherein the total amount of iodine and/or bromine present in the pol- 
ymer is in the range 0.05%-4% by weight. uminepoi 

15. Perfluoroelastomers according to claims 1 -1 4, having the following monomeric composition, in % by moles: 

- TFE 40-85 

- component b) 1-50, pref. 5-40 
component c) 0.01 -2 

- iodine amount (in % by weight) 0.05-0.6 
component d) 0-50 

20o/ S TnH° m^n ° la ^r Cent , a9eS * component b > + component d) being higher than 1 5%, preferably higher than 
20 /o, and the sum of the molar percentages of the monomers being equal to 1 00%. 

16. Blends curable by peroxidic route containing the perfluoroelastomers according to claims 1-15, and 

(A) curing coagents, in an amount generally in the range 0.5-1 0% by weight with respect to the polymer 

SET*?. 8 meta u ? mP ° Und ' in ^ am ° Unt h the range °- 15% " se,ec,ed ,rom oxides and hydroxides of 
divalent metals, such for example Mg, Zn, Ca or Pb, optionally combined with a weak acid salt such for 

example stearates, benzoates, carbonates, oxalates or phosphites of Ba Na K Pb Ca- 

(C) optionally acid acceptors, in an amount from 0 to 10% by weight with respect to the polymer, of the non 
metal oxide type, such 1 ,8 bis dimethyl amino naphthalene, octadecylamine- 

(D) optionally additives, such thickeners, pigments, antioxidants, stabilizers and the like, the amount of each 
of said additives being between 0 and 1 0% by weight with respect to the polymer 

(E) optionally fillers in amounts from 0 to 80% by weight with respect to the polymer, preferably from 15 to 
opotmeT S 6XamPle Cart>0n b ' aCk ' Si ' iCa ' bariUm SU ' Phate ' titaniUm di0Xide ' semi orystalline fluor- 

17. Perfluoroelastomers according to claims 1-16, cured by peroxidic route. 

18. Manufactured articles obtainable from the perfluoroelastomers of claim 17. 
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